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INTRODUCTION 
Considerable research has suggested that specialized 
cognitive processes may originate and reside in one or the 
other hemispheres of the human brain (for reviews see, 
Bradshaw & Nettleton, 1983; Geshwind & Galaburda, 1987; 
O'Boyle and Hellige, 1989; Hellige, 1990). Additionally, 
the information derived from studying such brain variations 
may increase our understanding of the mechanisms related to 
sex differences in various intellectual and problem-solving 
capacities (Kimura & Hampson, 1990). Regarding such sex-
related cortical differences, the typical lateralization 
pattern reported is a diffuse representation of functions 
across the hemispheres in females, and a more 
compartmentalized localization in males (cf. Geshwind & 
Galaburda, 1987; O'Boyle & Hellige 1989). For example, 
language faculties are invariably lateralized to the LH in 
right handed males, but in females the representation of 
such functions may be diffuse, perhaps even bilateral in 
nature (e.g., O'Boyle & Hellige, 1989). 
Sex Differences in Brain Morphology 
It has long been known that the sexes differ in basic 
physiology. Studies have shown that women tend to be 
shorter than men and possess a slightly higher fat-to-lean 
mass ratio (Bradshaw, 1989). The question of physiological 
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sex differences in brain development and morphology also 
has been a focus of research and debate for well over a 
century (Swaab & Hofman, 1984). One of the first sex 
differences in brain morphology to be noted was that of 
relative size. According to Swaab and Hofman (1984), 
Huschke (1854) showed, using somewhat crude measurements, 
that the frontal lobe of the male is 1% larger than that of 
the female. Meynert (1867) found that in men, as 
contrasted with women, there was more brain substance 
anterior of the central sulcus, while more recently, it has 
been shown that male neonates have larger brains, as 
measured by volume, than do females (Voigt & Pakkenberg, 
1983). Corresponding sex differences in brain weights also 
have been studied in adults with findings suggesting that 
the male brain is 11-12% heavier (Swabb & Hofman, 1984). 
Another morphological difference between the sexes has 
been reported by de Lacoste-Utamsing and Holloway (1982), 
who by surface measurements, showed that the splenium of 
the corpus collosum in females is larger and more bulbous 
than in males. On a cautionary note, however, this corpus 
collosum difference has often failed to replicate causing 
considerable controversy (see Byne, Blier & Houston 1988; 
Kersz, Polk, Howell & Black 1987). 
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Other functional and physiological sex differences not 
directly related to brain morphology also have been 
identified. Females tend to be more strongly right-handed 
than males (Butler, 1984) and use the right hand more 
consistently for unimanual tasks. Also, the incidence of 
left-handedness is less in females than males (Hellige, in 
press). Additionally, Webb (1982) has reported sex 
differences in sleep patterns as evidenced by frequency 
compositions of the EEG where males had more REM but less 
slow wave sleep than females. Jones and Anzuza (1982), 
using 3 and 4 year old children, found sex differences for 
lateralized visual field identification of face stimuli 
with boys showing a right visual field advantage in 
accuracy and females having no strong field advantage. 
Kimura (1983) has reported a sex difference for within 
hemisphere cerebral organization of speech and praxic 
functions. Specifically, such functions were shown in 
aphasie and apraxic patients to be localized more 
anteriorly in females and more posteriorly in males. 
McRoberts and Sanders (1992) found a sex difference 
during discrimination of fundamental frequency contours 
presented either binaurally (i.e., same contour to both 
ears) or dichotically (i.e., different contours to each 
ear). They found that males made significantly fewer 
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errors than did females in the binaural condition but not 
in the dichotic condition. Thus, the typical 
lateralization of cognitive functions in males may benefit 
binural presentations and the bilateral distribution of 
cognitive functions in females might benefit dichotic 
presentation. Galea & Kimura (1991) found a sex difference 
during a task involving route learning. In their study, 
females outperformed males in landmark recall and males 
outperformed females in euclidian measures (e.g., 
direction, distance and map configurations). 
Sex Differences in Brain Wave Activitv 
A number of studies also have been conducted to 
investigate localized brain wave activation in males and 
females (Butler, 1984). These studies typically employ a 
combination of behavioral tasks and EEC recordings in order 
to monitor the lateralization pattern exhibited by members 
of each sex. These experiments typically report sex 
related differences in such electrophysiological 
activity (Ray, Morrell, Fredianni & Tucker, 1976; Trotman & 
Hamond, 1979; Ray, Newcomb, Semon & Cole, 1981; 
Giannitrapani, 1981). For example, Ray et al. (1976) 
compared EEG alpha power recorded from the left and right 
temporal regions in 6 males and 6 females during tasks 
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thought to engage the LH (e.g., adding, counting verbs, 
and making sentences), and tasks thought to engage the RH 
(visualizing scenes and listening to music). The 
left:right power ratios remained unchanged for females in 
all tasks, suggesting bilateral hemispheric involvement; 
Males subjects showed the prototypical shifts in 
hemispheric activation in relation to the tasks mentioned, 
where the LH was more active for adding, counting verbs, 
and making sentences, while the RH was more active during 
visualization of scenes and listening to music. Trotman 
and Hammond (1979) measured alpha power over left and right 
temporal regions in 5 males and 5 females during 
performance of several verbal tasks. They found left 
hemisphere activation in males during such tasks, but the 
females left:right power ratio remained invariant from 
baseline values, again suggesting a bilateral hemispheric 
involvement for females. 
Ray et al. (1981) also investigated the relationship 
of EEG asymmetry to spatial task performance in high and 
low spatial ability males (n=62) and females (n=42). 
Subjects were pretested for spatial ability using a mental 
paper folding task and a mental rotation task. In this 
study eight spatial problems similar to those in the 
pretest, were performed while EEG was recorded from two 
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parietal locations. EEG during baseline and while problem-
solving was positively related to the number of spatial 
problems solved correctly; baseline EEG significantly 
correlated with high spatial ability in males, where those 
answering the most questions tended to exhibit a heightened 
level of right hemisphere activity (lower alpha power) at 
rest. Low spatial ability males showed the opposite 
pattern, such that as spatial ability decreased, there was 
a corresponding increase in LH activation during spatial 
problem solving. No relationship between hemispheric 
activation and spatial ability was revealed for either high 
or low spatial ability females. Giannitrapani (1981) 
analyzed EEG power spectra obtained from 16 locations over 
the left and right hemispheres of 18 male and female, 11-13 
year old, right-handed subjects during the performance of 
mental arithmetic. Males exhibited greater involvement of 
the RH (primarily the central and temporal areas) while the 
females had more bilateral involvement of the frontal, 
temporal, and parietal areas. 
In summary, the EEG results involving sex consistently 
suggest that a physiological difference exists. Many of 
the EEG studies reviewed above, however, rely upon 
inappropriate baseline data relative to EEG data acquired 
during the experimental conditions. Moreover, intelligence 
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level (particularly that of extreme intellectual ability) 
has not been included as a dimension in the investigations 
of such sex differences. Thus, the question arises as to 
how differences in brain wave activity between the sexes 
also may relate to different levels of intellectual 
functioning in each group. 
Sex. Brain Development and the Influence of Hormones 
The developmental influence of hormones may induce a 
relatively permanent structural change in the brain that 
may account for some patterns of sex difference in 
hemispheric lateralization. Bradshaw (1989) indicates 
that, generally, hormones may have some or all of the 
following effects: they may differentially allocate total 
brain capacity to the same abilities (e.g., spatial 
abilities may be given more processing space in males, and 
verbal abilities in females); they may establish 
differential hemispheric specialization between the sexes 
(e.g., perhaps some functions are more asymmetrically 
organized in males); or finally, they may differentially 
activate cognitive strategies in the two sexes, even though 
the brain structures themselves are essentially similar. 
Along these lines, Geschwind and Behan (1982) 
suggested that prenatal exposure to high levels of 
androgens, specifically testosterone, inhibits the 
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development of the LH while enhancing development of the 
RH. Galaburda, Corsiglia, Rosen and Sherman (1987) also 
have suggested that brain lateralization can be further 
modified by the effects of testosterone. According to 
these authors, this hypothesized long term brain 
modification is not necessarily characterized as a slowing 
of development of the dominant hemisphere at the expense of 
the nondominant one (Geschwind & Behan 1982), but rather 
may be an enhancement in the development of structures on 
the nondominant side (e.g., planum temporal of the RH) with 
no significant change in development on the dominant side. 
This theory has been used to account for the fact that 
individuals of either sex who exhibit superior spatial 
abilities also tend to be superior in verbal abilities 
(Benbow, 1987). 
Supporting the theory of prenatal hormonal influences 
on brain development, Gorden and Lee (1986) indicate that 
the brain may develop in either a stereotypically male or 
female direction, depending upon the gonadal hormonal 
environment experienced during critical stages of early 
maturation. For example, if the fetus is treated with 
testosterone, both brain and genitalia can be masculinized. 
To this end, a between hemisphere difference in electrical 
activity for males and females during a given cognitive 
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task would lend some support to this fetal hormonal 
exposure hypothesis. 
As compared to the long-term effects, other more 
"short term" effects of testosterone on brain development 
also have been shown. Kurtz, Sengelaub and Arnold (1986) 
present evidence of episodic hormonal effects in some 
neural circuitry. For example, after rats have been 
castrated, the decrease in androgen levels produced 
dramatic structural changes in a group of androgen-
sensitive motorneurons that mediate male copulatory 
functions. These structural changes were generally in the 
form of decreased dendritic length and soma size of the 
motorneurons. These effects were reversible through 
androgen replacement. 
Such findings suggest that some behavioral effects may 
be linked to sex steroid hormone levels and 
their subsequent impact on brain development. Evidently, 
there exists a great degree of synaptic plasticity in adult 
motorneurons, and normal fluctuations of androgen levels in 
adult organisms may be associated with significant 
alterations in the structure and function of these neurons 
(Kurtz et al., 1986). Given this dramatic effect of 
hormone fluctuations at the neuronal level, a difference in 
intellectual abilities in males and females also might be 
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anticipated at the cortical level. 
Regarding the behavioral effects of different hormonal 
states, Bradshaw (1989) indicates that follicle stimulating 
hormone levels correlate negatively with visuospatial 
ability and positively with verbal and sequential ability; 
testosterone levels correlate positively with spatial 
abilities. One example of such a difference in the 
behavioral realm has recently been discussed by Kimura and 
Hampson (1990), who studied the effects of hormone levels 
on cognitive abilities in males and females. They found 
that performance on various spatial tasks (e.g., the rod 
and frame test and a space relations test) was related to 
episodic variations in androgen levels within and across 
males and females. Generally speaking, moderate quantities 
of testosterone were optimal, where moderate amounts would 
translate into high levels for females (normally low) and 
low levels in males (normally high). Indeed, excessively 
high androgenization in males may even lead to poor spatial 
scores, while a high level in females may lead to better 
spatial scores more characteristic of normal males; low 
levels in females, on the other hand, may be associated 
with poor spatial scores. 
Estrogen levels also have been found to have an impact 
on spatial ability. For example, during menstruation in 
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which estrogen levels are high, females perform poorly 
(relative to when the same females are not menstruating) on 
various tests of spatial ability and perceptual speed 
(e.g., number comparisons, subtraction and multiplication), 
tasks at which males are typically found to be superior. 
From these and other data, Kimura and Hampson (1990) 
conclude that intellectual changes within an individual may 
be due to such episodic hormonal fluxes. In support of this 
position, they also report superior female performance on 
articulatory, verbal fluency and manual skills tasks that 
relate to within subject increases in their respective 
estrogen levels, (i.e., during phases of decreased estrogen 
levels in these very same females, performance on manual 
coordination and perceptual speed typically male 
superiority tasks is enhanced). Although, Kimura and 
Hampson (1990) state that at the functional level, hormonal 
influences do have direct effects on the human brain, they 
caution that there is not a simple relationship between 
hormonal levels and behavior. But, it seems reasonable to 
conclude that some of the intellectual variation from 
individual to individual may be related to current hormonal 
status (as opposed to general hormone level), where the 
slightest change may temporarily influence patterns of 
lateralization and brain function in that individual. 
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Sex. Cognition and Behavior 
A number of studies have suggested that, on the 
average, females outperform males on a variety of verbal 
tasks while males are superior to females at primarily 
spatial tasks (Kimura & Harshman, 1984; Halpern 1986). 
According to Kimura and Hampson (1990), women in western 
cultures tend to excel on certain verbal abilities such as 
fluency, spelling and early articulation accuracy. Women 
also are reported to excel on small-amplitude motor skills 
requiring detailed motor coordination within personal space 
(approximately arms reach) involving isolated finger 
movements and hand posturing, as well as manipulations in 
mirror reversed contexts (cf. O'Boyle & Hoff, 1987). In 
contrast, Kimura and Hampson (1990) suggest that males are 
better on certain spatial tasks, particularly those 
requiring that subjects accurately orient vertical and 
horizontal rotations of target and test stimuli. 
Moreover, there are clear indications that the use and 
proficiency of verbal and spatial strategies in problem 
solving situations also differ between the sexes (Halpern 
1986). Watson and Kimura (1990) report that males are 
superior to females on target-directed motor tasks, which 
are thought to be more "real world" examples of male 
spatial superiority. In their study 24 male and 24 female 
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subjects performed dart throwing and object interception 
tasks. In the dart throwing task, subjects used an 
overhand throw, 20 trials with each hand, trying to hit the 
center of a paper target. For the object interception 
task, subjects were instructed to intercept projected table 
tennis balls on trajectories directed to either side of 
their body. Subjects also performed a traditional paper-
and-pencil test of spatial ability (e.g., paper folding and 
hidden figures) and an object orientation task where they 
were asked to estimate the degree of rotation of an object 
displayed in a photograph relative to a disk marked in 10 
degree increments. Sex differences were much larger for 
the target-directed motor tasks than for traditional paper-
and-pencil tasks. On average, males intercepted more table 
tennis balls and threw darts closer to the paper target 
than females. Watson and Kimura (1990) conclude that the 
type of spatial ability involved in target-directed motor 
tasks is separable from the abilities measured by 
traditional paper-and-pencil tests and may more clearly 
delineate sex differences in spatial abilities. 
The role of lateralization in such sex differences has 
not been extensively studied (O'Boyle & Hellige, 1989; 
O'Boyle & Benbow, 1990a), though several recent 
investigations have been conducted to examine the potential 
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relationship among sex, patterns of hemispheric 
specialization and intellectual ability. Harshman and 
Hampson (1986) speculate that a biological explanation of 
cognitive sex differences seems to be plausible in light of 
the growing evidence in brain organization research. For 
example, Benbow (1986) reports a connection between left-
handedness, sex, patterns of laterality, and intellectual 
precocity. She found that the incidence of left-handedness 
is higher than expected for children who are considered to 
be intellectually precocious [i.e., those with scores above 
630 on verbal portions of the Scholastic Aptitude Tests 
(SAT) or 700 on math portions of the same exam both before 
age 13]. Benbow indicated that the uneven distribution of 
hand preference may be directly related to enhanced RH 
functioning in these gifted youths. 
Benbow (1986), echoing Geshwin and Behan (1982), also 
has proposed that early exposure to fetal testosterone (a 
predominantly male hormone) may have slowed LH development 
and, subsequently, enhanced development of the RH in her 
gifted group. The proposed effects of fetal testosterone 
exposure is further supported by the fact that females are 
often underrepresented in Benbow's precocious youths 
(O'Boyle & Hellige, 1989), sometimes in the ratio of 13:1 
(Benbow & Stanley, 1980, 1983). By definition, the 
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possibility of elevated testosterone levels is more likely 
in males than in females due to testicular secretions 
combined with those of other physiological mechanisms which 
regulate the production and release of androgens (e.g., 
adrenal gland, tumors or ovaries). Perhaps related to this 
fact, is that the reputed underrepresentation of females in 
the intellectually precocious groups is often related to 
the general inability of females to score at a sufficiently 
high level on the SAT-Math (Benbow & Stanley 1980), a 
finding that may reflect a sex difference in brain 
lateralization where, for certain tasks, gifted males more 
often utilize right hemisphere resources. 
Benbow and Benbow (1987) attempted to identify other 
possible differences in brain lateralization among gifted 
youth. They conducted two studies in which gifted children 
were tested for patterns of hemispheric specialization. In 
their first study, a rotated "R" was presented to the left 
or right visual field (LVF, RVF and the subject was asked 
to determine whether the target had been presented in a 
normal or mirror-reversed orientation (cf. Cooper & 
Shepard, 1973). Although a RH advantage was expected in 
this ostensibly visuospatial task, no differences between 
the hemispheres were evident. This suggests that 
hemispheric lateralization in gifted youth may be somewhat 
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different than the lateralization pattern exhibited in 
average ability youth. 
In a second study, a letter-matching task devised by 
Posner, Boise, Eichelman and Taylor (1969) was used. A 
letter was flashed in central vision, followed by a 
presentation of another letter to either the RVF or LVF. 
In this task the subject was to determine whether the two 
stimuli were the same or different letters. On the basis 
of a previous study utilizing a similar procedure (Kroll & 
Madden, 1978), a RVF/LH advantage was expected. For the 
intellectually precocious youth, however, the LVF/RH rather 
than the RVF/LH produced faster response times and greater 
accuracy. This suggests a high level of RH involvement 
during cognitive processing in the gifted, even for the 
processing of linguistic stimuli. No average ability 
youths, however, were tested in either of the Benbow and 
Benbow studies. Thus, it could not be determined if the 
gifted were reliably different than average ability youths 
in terms of hemispheric lateralization patterns. 
In some follow-up work, O'Boyle and Benbow (1990b) 
found evidence of enhanced RH arousal in precocious youth. 
They compared the performance of intellectually precocious 
and average ability youths, on both a dichotic listening 
for syllables task (cf. Hellige & Wong, 1983) and a 
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chimeric face task (cf. Levy et al., 1983). In the 
dichotic listening task the average ability youths 
demonstrated superior right ear/LH identification of CV 
syllables reflecting the prototypical LH specialization for 
language. The gifted subjects correctly recognized more 
syllables than the average ability subjects and, 
interestingly, were equally successful at syllable 
identification using either the right ear/LH or the left 
ear/RH, suggesting that enhanced RH activation may occur 
even for the processing of linguistic stimuli. In the 
chimeric face task, members of both groups tended to judge 
the left side smile/right side neutral half-face as 
"happier". This response pattern is thought to be 
indicative of enhanced RH arousal for the perception of 
faces and for analysis of their affective content. As the 
authors anticipated, the RH involvement was significantly 
greater in the gifted youth than average ability youth in 
both the dichotic and chimeric tasks. Interestingly, the 
laterality scores of the precocious youths on the chimeric 
face task were found to correlate significantly with their 
performance on the SAT; the greater the leftward bias, 
(a pattern suggestive of a greater role of the RH in 
cognitive processing), the higher the SAT score (r= -.294). 
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These follow up experiments, taken in composite, 
suggest that a high level of RH involvement during 
cognitive processing may be a characteristic of 
intellectual precocity. These findings are also consistent 
with the idea that hemispheric differences between 
precocious and average ability groups may be a matter of 
degree and not strictly a left or right hemispheric 
dominance dichotomy. 
Intelligence and Brain Activitv 
Behavioral measures of intellectual differences within 
and between hemispheres also may be corroborated with 
physiological indices. In this regard, a number of 
electrophysiological studies have investigated the role of 
the cerebral hemispheres in intellectual functioning. Many 
of the alpha wave studies in the 1950s and 1960s reported 
that significantly different alpha activity in specific 
areas of the brain was related to intelligence level. For 
example, Mundy-Castle (1958) examined the possible 
relationship between EEG alpha wave activity and 
intelligence as measured by the Wechsler-Bellevue 
intelligence test. Using occipital locations for 
measurement of electrical activity, her results show a 
negative correlation between various subtests of the 
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Wechsler-Bellevue (Verbal, Practical and General) and the 
alpha index (a calculation based on the number of alpha 
waves present per second). Specifically, as scores on the 
subtests increased the alpha index decreased bilaterally, 
indicating higher levels of brain activity. 
Vogel and Broverman (1966) reviewed a number of 
studies that investigated the relationship between EEG and 
intelligence test scores. They concluded that there is 
ample evidence of a relationship. Typically, the 
relationship found is that as intelligence test score 
increase, average alpha frequency decreases across all 
brain locations. Moreover, they also suggest that the 
nature of the relationship can be influenced by a number of 
other factors, including the methods of intellectual 
assessment, sample composition (e.g., differences in sex 
and handedness), and the sophistication of the EEG 
methodology employed. 
Giannitrapani (1969) investigated the relationship 
between average EEG frequency (mean alpha waves per second) 
and intelligence (indexed by the WAIS). Eighteen subjects 
(21-45 years old) were divided into two intelligence 
levels, where individuals with WAIS scores between 93-118 
constituted a middle intelligence group and 
subjects with scores between 119-143 were included in a 
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high intelligence group. Subjects were asked to perform 
mental arithmetic while EEG activity was recorded over 
eight locations (left and right: frontal, temporal, 
parietal and occipital lobes). Significant differences 
between groups were found at the parietal and occipital 
locations with the high intelligence group showing greater 
average alpha frequency than the middle intelligence group 
in the right occipital and left parietal area. Further 
analysis by Giannitrapani (1969) revealed a significant 
negative correlation between the WAIS score and the alpha 
activity in the parietal location where membership in the 
high intelligence group was associated with left hemisphere 
activation, and membership in the middle intelligence group 
was associated with right hemisphere activation. These EEG 
calculations were not, however, indexed in relation to an 
established baseline level of activation, a necessary 
procedure to show reliable hemispheric changes during 
performance of cognitive tasks, and thus may be misleading 
(cf. Gevins 1985). 
Although a majority of the early alpha wave studies 
found evidence for lateralization of electrical activity 
that was related to intellectual abilities (cf. Vogal and 
Broverman 1966), many of these studies focused on a single 
group (e.g., male college age students) and analyzed the 
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data using methods and technology that are now considered 
inappropriate or obsolete. In a preliminary study for the 
present investigation, O'Boyle, Alexander and Benbow (1991) 
used the aforementioned chimeric face task and a verbal 
task (i.e., noun/verb determinations) to investigate 
lateralization patterns in average and gifted male youths. 
EEC was recorded from 8 surface electrodes, 4 over each 
hemisphere (frontal, temporal, parietal and occipital) 
during performance. At baseline (viewing a blank slide) 
they found LH activation for the gifted and RH activation 
for the average ability youths. During chimeric face 
processing, O'Boyle et al. (1991) found RH activation for 
gifted youths as indexed by both a behavioral measure 
(i.e., the leftside smile/ rightside neutral chimeras being 
chosen more often) and an EEG measure (reduced RH alpha 
power in relation to baseline). In contrast, the average 
youths showed no significant preference for left- or right-
sided face configurations and showed a corresponding 
bilateral hemispheric reduction in alpha power. For the 
verbal task no significant differences were found 
electrophysiologically in gifted or control subjects; 
however, at the behavioral level, the gifted group was 
correct more often in their noun/verb discriminations. It 
should be noted, however, that the O'Boyle et al. (1991) 
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study had a limited number of participants and did not 
include female subjects. Additionally, the authors felt 
the verbal task was not engaging enough to elicit 
lateralized EEG differences for either sex, given the 
recording epoch utilized (2 seconds). 
The Present Study 
The present study was designed to investigate 
potential differences in the pattern of brain 
lateralization as a function of two factors: sex and 
intellectual functioning. Male and female, mathematically 
precocious subjects and average math ability subjects of 
both sexes, were asked to view a blank slide (baseline 
trials), view a chimeric face slide, and, subsequently, 
select which of two chimeric faces appears to be happier 
(experimental trials). During all conditions, EEG activity 
was monitored at four brain sites (frontal, temporal, 
parietal, and occipital) over the RH and the LH. In light 
of the literature reviewed earlier, the following 
predictions were made; 
1) During subjects' viewing of a blank slide, alpha 
activity will primarily be localized to the LH. Based on 
previous findings by 0'Boyle et al. 1991, higher LH 
activation (i.e., reduced alpha power) is expected for the 
gifted as compared to the average ability subjects even at 
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baseline, possibly reflecting a greater degree of 
hemispheric specialization in the gifted subjects at this 
early age. From a theoretical point of view, no 
differences were expected between male and female subjects 
in alpha activity during baseline measurement. 
2) Based on the findings of O'Boyle et al. (1991), 
differences between gifted and average ability subjects are 
anticipated for electrophysiological measures related to 
chimeric face processing. Specifically, at frontal, 
temporal, and parietal locations, a shift to enhanced RH 
activation during chimeric face judgements is expected in 
the gifted group. For the average ability group, little or 
no change from LH activation is expected during face 
processing. Moreover, according to the recent work of 
Kimura and Hampson (1990), a difference in activational 
level, as indicated by suppressed RH alpha activity, should 
also manifest itself primarily in the temporal/parietal 
locations (posteriorly) for the males and in the 
frontal/temporal locations (anteriorly) for the females. 
3) At the behavioral level, for the chimeric face 
task, both gifted and average ability subjects are expected 
to choose the leftside smile/rightside neutral face 
composites as being "happier" (cf. Levy et al., 1983). 
Given the hypothesis of enhanced processing of the RH in 
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the gifted, however, the leftward/RH bias should be 
significantly larger in the precocious group (cf. 0'Boyle 
Benbow, 1990). Based on the previous findings of Levine 
and Levy (1986), using this task, no sex difference in 
chimeric face task performance is expected. 
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METHODS 
Subi ects 
Forty four subjects participated in the study. The 
gifted group consisted of 10 males and 13 females (selected 
based upon SAT-Math scores), and the average ability group 
consisted of 11 males and 10 females. All subjects were 
between 13-14 years old. All subjects were right-handed as 
assessed by a ten item questionnaire, designed to determine 
the hand used when performing the following tasks: writing, 
drawing, throwing, using a tooth brush, using a scissors, 
using a knife without a fork, using a spoon, using as the 
upper hand on a broom, striking a match, and opening a lid 
on a box. 
On a scale of 200-800 points for the SAT-MATH, the 
gifted males average score was 538 and the gifted females 
average score was 504, the difference was nonsignificant. 
By definition the average 7th or 8th grader should be 
unable to successfully negotiate the SAT-Math exam at their 
current level of intellectual development (i.e., the mode 
is likely to be 200). Thus, instead of using the SAT-Math 
exam, the control group consisted of students who had not 
received any advanced math education or remedial 
mathematical instruction. 
26 
Individuals in both groups were screened for 
neurological damage and/or neuropsychological disorder 
through verbal inquiry (e.g., Have you ever been knocked 
unconscious? Have you been diagnosed as having a mental 
disorder?). Subjects were also asked about current 
medication use (e.g.,Are you now or recently using any 
prescription medication?). Two average ability subjects 
were not used as a result of medication use. Control 
subjects were paid $6.00 for their participation. Gifted 
subjects participated as part of the Iowa State University 
program for the talented and gifted (CY-TAG). 
EEG Methodology 
Brain wave activity was recorded using a Grass model 6 
polygraph and an ECI Electro-cap (Blom & Anneveldt, 1982; 
Polich & Lawson, 1985). Using ECI Electro-Caps, based on 
the Jasper (1958) Ten-Twenty Electrode Placement System of 
International Federation, EEG activity (1-35 Hz) was 
monitored over the left and right frontal (Fl, F2), 
temporal (T3, T4), parietal (P3, P4), and occipital lobes 
(01, 02). All leads were referenced to linked ear lobes 
(A1 and A2), and electrode impedance was maintained below 
10 Kohms. Each of the eight channels of the polygraph was 
calibrated to a standard of 50uV. One hundred samples per 
second were recorded during 2 second epochs, and all EEG 
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data were digitized and stored on-line using a Zenith 286 
PC and Unkelscope 2+ software. A narrow band pass filter 
of 8-12 Hz was used to extract alpha related activity and a 
spectral power (FFT) average was calculated for each 
recorded epoch for each electrode location. Subjects were 
tested in a light and sound attenuated, electronically 
shielded chamber. 
Stimulus Materials 
The 36 pairs of chimeric faces originally developed by 
Levy and her colleagues (Levy et al., 1983), served as the 
face stimuli. Each chimera consists of two joined half 
faces, either a leftside/smile and a rightside/neutral 
composite, or a rightside/smile and a leftside/neutral 
composite (see Figure 1). In the free-vision face task, 
each chimera is paired with its mirror image: once with 
the normal print at the top of the visual display and its 
mirror image below, and once with positions reversed. All 
face stimuli were presented using a slide projector and 
were viewed at an average distance of 1.25 m. Each 
chimeric face was approximately 40 cm square. 
Design 
All subjects received 52 stimulus presentations. The 
52 trials were divided into four blocks of thirteen 
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Figure 1. Sample chimeric face task stimulus. 
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trials. Each block consisted of four blank baseline slides 
followed by nine chimeric slides. 
Procedure 
After EEG preparation, the subjects were seated in a 
reclining chair and given their instructions. On each 
trial they were told to close their eyes, at which time a 
slide would be projected on to the viewing screen. The 
experimenter then requested that they open their eyes and 
make a decision about the stimulus presented. In the case 
of the face stimuli, subjects were asked to judge which of 
the two faces is happier (top or bottom). The "eyes open" 
cue from the experimenter initiated a 2 second EEG 
recording epoch. After the EEG recording interval was 
finished, the subjects were asked to respond with their 
decision aloud (i.e., "top" or "bottom"). In the baseline 
condition the subjects followed the same sequence of steps 
but were told at the beginning of the block to merely look 
at the center of the blank slide. 
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RESULTS 
EEG Power Values 
During collection of the EEG data, all digitized 
traces were displayed on a computer screen in wave form 
and, on the basis of visual inspection, edited for eye 
blink and/or other muscle movements. Trials 
contaminated with either artifact were excluded from the 
analysis. The total amount of trials excluded never 
exceeded 23% for any subject. The remaining raw data were 
filtered on-line utilizing a 8-12hz band pass (see Figure 
2). The Unkelscope software was used to calculate spectral 
power analyses within the band passed alpha frequency range 
for each subject. The analysis produced 16 mean power 
values for each subject, defined by the orthogonal 
combination of 2 stimulus types (blanks and faces), 4 
recording locations (frontal, temporal, parietal, and 
occipital) and 2 hemispheres (right and left). 
Baseline Activitv 
The data from the baseline condition were transformed 
for analysis using a standard asymmetry index. This 
baseline asymmetry formula used was: 
Asymmetry Index = [ (Ljj-Rjj) / (Lj^+Rj,) ] * 100 
RAW 
BANDPASSED 
Figure 2. Two second samples of raw and bandpassed EEG 
traces. 
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In this formula, Lb is a LH alpha power value and Rb 
is a RH alpha power value during baseline. This 
transformation allows for alpha power over the RH and LH to 
be compared at homologous locations in a single percentage 
value. A positive value indicates more RH activation (i.e., 
greater LH alpha) and a negative value represents more LH 
activation (i.e., greater RH alpha). 
The transformed power data were then subjected to a 2 
(Ability) X 2 (Sex) x 4 (Location) mixed design analysis of 
variance (ANOVA). Ability (gifted and average) and Sex 
(male and female) served as between-subject variables and 
Location (frontal, temporal, parietal, occipital) served as 
a within-subjects variable. The analysis was performed to 
determine whether during viewing of the blank slides, 
enhanced LH activation in the gifted group was in evidence, 
as previously reported by O'Boyle et al. (1991), and, also, 
to determine if there is a difference between the sexes 
during this ostensibly neutral cognitive state. 
The results of the ANOVA revealed a significant main 
effect for Ability, F(l,160)=37.95, p <.00001, and 
Location, F(3,160)=7.59, p <.0001. As can be seen in 
Figure 3, at rest, the LH is more active (i.e.,less alpha 
power) in the gifted group, while the average ability group 
shows a trend toward RH activation, thus the pattern is 
OCCIPITAL -
i I I I I I I I I r 
"10 ~8 ~6 ~4 ~2 0 2 4 6 8 
% LH Activation / % RH Activation 
10 
GIFTED AVERAGE 
Figure 3. Hemisphere more active at baseline as a function 
of ability for each location. 
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quite similar to that previously reported by O'Boyle et al. 
(1991). 
The main effect for location can be seen in Figure 4, 
where collapsed across subjects, the left frontal lobe is 
5.8% more active than the right frontal lobe with temporal, 
parietal and occiptial locations being essentially 
bilaterally active. This pattern is supported by a Newman 
Keuls post hoc analysis significant at the .05 level. 
The ANOVA also revealed, a Sex x Location interaction, 
F(3,160)= 3.77, p <.012, with males at each location being 
primarily LH active. The most active LH area in the males 
was the frontal location which was 3% more active than the 
RH frontal location. The remaining three location were 
essentially bilaterally active. In females, the left 
frontal is over 8% more active than the right frontal, but 
basically RH active at the other three locations (see 
Figure 5). There was also a marginally reliable Ability x 
Location interaction, F(3,160)=2.59, p <.054, as depicted 
in Figure 3, suggesting that for the gifted group the LH is 
more active than the RH at the frontal (8%), temporal (4%), 
and parietal (5%) locations, with bilateral activation at 
the occipital lobe. In the average ability group, the RH is 
more active at the temporal (7%), parietal (4%) and the 
occipital lobe (2%) . However, at the frontal location the 
FRONTAL -
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Figure 4. Hemisphere more active at baseline as a function 
of location. 
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Figure 5. Hemisphere more active at baseline as a function 
of sex at each location. 
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average ability group is 3% more LH than RH active. [See 
Appendix A for the full Baseline ANOVA report and the 
respective unwieghted means]. 
Chimeric Face Task Analysis 
In order to capture alpha power reductions in 
reference to an established baseline, the asymmetry index 
developed by Butler (1988) was modified for chimeric face 
task data analysis. The asymmetry formula employed was: 
Asymmetry Index = [ (Rj^-Ljj) / (Rj^+Ljj) - (R^-L^) / (Rj.+L^) ] * 100 
In this formula, R^ is the RH alpha power value during 
face processing, is the LH alpha power value, R^ 
represents the RH baseline alpha power during face 
processing and Ly is the LH baseline alpha power. This 
transformation allows for lateralized changes in alpha 
suppression at each homologous location to be indexed in 
reference to each subjects previously established baseline. 
A negative value produced by this formula indicates that 
alpha power is suppressed to a greater extent over the LH 
(i.e., LH activation); a positive value indicates greater 
alpha power reduction over the RH (i.e., RH activation). 
EEG Data Using the asymmetry index values as 
described above, a 2 (Ability) x 2 (Sex) x 4 (Location) 
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mixed design ANOVA was conducted on the Chimeric face EEG 
data with Ability and Sex serving as between-subject 
variables and Location serving as a within-subject 
variable. The results revealed a significant main effect 
for Ability, F (1,160)= 15.51, p <.001. As can be seen in 
Figure 6, activation shifted from LH activation at baseline 
to RH activation during face processing, by approximately 
2%, in the mathematically precocious group. Conversely, in 
the average ability group the LH is engaged about 2% more 
than the RH. Neither the main effect for Sex or Location 
was significant. 
However, a significant Sex x Ability interaction, 
F(l,160)= 6.56, p <.0114, (see Figure 7) was in evidence. 
The male gifted group was approximately 2% more RH than LH 
active, while gifted females show basically bilateral 
activation. Both average ability males and females show 
minor LH activation (2% and 1% respectively). In addition, 
a significant Sex x Location interaction was obtained, 
F(3,160)= 3.87, p <.0105 (see Figure 8), and revealed that 
for females, the left occipital location was more active 
than the other locations. This pattern of involvement also 
was supported by a Newman Keuls post hoc test at the .05 
level. Additionally, a significant Sex x Ability x 
Location interaction was obtained, F(3,160)= 3.66, p 
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Figure 6. Hemisphere more active relative to baseline as a 
function of ability and location during chimeric 
face processing. 
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Figure 7. Hemisphere more active relative to baseline as a 
function of sex and ability during chimeric face 
processing. 
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Figure 8. Hemisphere more active relative to baseline as a 
function of sex and location during chimeric 
face processing. 
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<.0137. As shown in Figure 9, gifted males had the 
greatest activational change from baseline at the frontal 
and temporal locations where they are 4% and 5% more RH 
than LH active respectively. The average ability males 
exhibit greater LH than RH activation at the frontal, 
temporal and parietal sites at about 2%, 7% and 5% 
respectively. Both gifted and average ability female 
subjects show minimal activational change from baseline at 
the frontal, temporal and parietal locations. The 
exception was a significant LH occipital engagement of over 
6% for the average female group, the later being supported 
by a Newman Kuels post hoc test at the .05 level. [See 
Appendix B for the full Baseline ANOVA report and the 
respective unwieghted means]. 
Behavioral Data Performance in the chimeric face task 
was also evaluated at the behavioral level as in Levy et 
al. (1983), where the number of right-biased and left-
biased chimeric choices was tabulated. A laterality 
quotient was computed for each subject using the formula 
(I-r)/36, where r is the number of times the rightside 
smile/leftside neutral face composite was chosen, and I is 
the number of times the leftside smile/rightside neutral 
chimera was selected. The denominator is the total number 
of chimeric face task trials. A positive score in this 
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Figure 9. Hemisphere percent more active relative to 
baseline as a function of sex, ability and 
location during chimeric face processing. 
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laterality index reflects RH involvement in the task, while 
a negative score indicates LH involvement. 
Although not significant, the gifted subjects showed a 
strong leftward/RH bias .42, while average ability subjects 
had a leftward/RH bias of .22. Individually, Gifted males 
had a laterality index of .49, gifted females an index of 
.36; average ability males an index of .16 and the average 
ability females .28 (shown in Figure 10). Although the 
pattern is in the predicted direction, a 2 (Ability) x 2 
(Sex) ANOVA revealed no significant differences among these 
values for any of the four groups. This lack of 
significance may be related to insufficient sample size. 
A correlation analysis was also conducted between the 
gifted subjects behavioral laterality index and their SAT-
Verbal, SAT-Math and composite SAT scores to determine 
whether general intellectual functioning level may be 
related to the degree of RH involvement as suggested by 
O'Boyle and Benbow (1990) and O'Boyle et al. (1991). The 
Pearson r correlation coefficient for gifted subjects 
laterality index and the three SAT measures were .3723 for 
SAT-Verbal, .0613 for SAT-Math, and .278 for the composite 
SAT (all three correlations nonsignificant). However, sex 
could be a confounding factor, thus correlations were 
calculated between the laterality index and the three SAT 
- 1 -0.6 0. 0.2 
LH /  RH 
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Figure 10. Behavioral chimeric face task results as a 
function of sex and ability. 
46 
scores for both male and female gifted subjects. A 
significant correlation was found for the male gifted group 
who, for the laterality index and the composite SAT, had a 
Pearson r correlation coefficient of .518 . Thus, an 
increase RH activation was associated with an increase in 
SAT performance. A significant correlation was also found 
for the female gifted group who, for the laterality index 
and SAT-Math, had a Pearson r correlation coefficient of 
-.618 which suggests that LH activation during face 
processing was related to better SAT performance. However, 
these values should be viewed with some skepticism due to 
the small sample size. 
Percent Reduction Analysis 
In order to determine whether there are within 
hemisphere sex and intelligence differences, as suggested 
by Kimura (1983) who states that females have more anterior 
within hemisphere localization of cognitive functions than 
males, a post hoc analysis of percent reduction values for 
each hemisphere was conducted. Percent reduction values 
were calculated for each brain location over the RH and the 
LH using the formula: 
% Reduction in alpha power = [(Task - Base) / Base] * 100 
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where Task is the alpha power value at a given location 
during the chimeric face task condition and Base is the 
alpha power value at the same location for the baseline 
condition. A positive % Reduction in alpha power would 
represent a decrease of activity relative to baseline. A 
negative % reduction in alpha power would represent an 
increase in activity at the given location relative to 
baseline. For the % reduction data a 2 (Ability) x 2 (Sex) 
X 4 (Location) mixed design ANOVA was conducted on the face 
EEG data for each hemisphere. Ability and Sex served as 
between-subject variables and Location was a within-subject 
variable. 
Left Hemisphere The percent change values in LH 
activation, relative to baseline, for all conditions are 
shown in Figure 11. The results of this analysis revealed 
a significant main effect in the LH for Ability, F (1,160)== 
5.54, p <.0198, where the gifted subjects demonstrated 
significant inhibition of LH activity while the average 
ability subjects exhibited an increase in LH activation. A 
main effect also was found for Location, F(3,160)= 2.68, p 
<.049, where the frontal region was more active than the 
other LH areas. Both patterns are supported by Newman Keuls 
post hoc analyses at the .05 level. Two significant 
interactions were also evident in the LH; a Sex x Ability 
I 
Frontal Temporal 
I 
Parietal 
I 
Occipital 
Bl Gifted Males Average Males 
11 Gifted Females I I Average Females 
Figure 11. Left hemisphere location specific activation as 
a function of sex and ability. 
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interaction, F(l,160)=6.38, p <.0125, where collapsed 
across location, average males show 2% activation of the LH 
while for gifted males the LH activity is inhibited by 
approximately 5% relative to baseline. Both gifted and 
average ability females show relative activation of the LH 
at just under 1%. Moreover, a three way Sex x Ability x 
Location interaction, F(3,160)=3.28, p <.0225, also was 
present, such that in gifted males, LH activity was 
inhibited at all four LH locations by greater than 4% 
relative to baseline. In contrast, the other three groups 
tended to inhibit activity at the frontal location by over 
4% relative to baseline. [See Appendix C for the full 
Baseline ANOVA report and the respective unwieghted means]. 
Right Hemisphere The percent change in RH activation 
values for all conditions are shown in Figure 12. 
Collapsed across all four locations, the gifted group 
showed RH activation at just under 1%, while the average 
ability group had RH activity inhibited by over 3% relative 
to baseline. The only other significant finding in the RH 
was a main effect for Location, F(3,160)=4.00, p <.0089, 
where across all groups and sex of subjects, the RH frontal 
location was more active by approximately 3%, while the 
other three RH locations were inhibited. [See APPENDIX D 
for the full Baseline ANOVA report and the respective 
unwieghted means]. 
FRONTAL TEMPORAL PARIETAL OCCIPITAL 
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Figure 12. Right hemisphere location specific activation as 
a function of sex and ability. 
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DISCUSSION 
In the present study an analyses of the 
electrophysiological data revealed a differences between 
gifted and average ability youths at baseline. 
Specifically, the average ability subjects tend to exhibit 
posterior RH activation and the gifted subjects 
demonstrated anterior LH activation during this essentially 
cognitively neutral state. Electrophysiological research 
has shown that brain activity patterns change during 
childhood development (Matousek and Petersen 1973). Thus, 
it may be the case that the pattern of RH activity at 
baseline represents an early, less finely tuned stage of 
brain organization and activation. Perhaps a neurological 
marker that, at a electrophysiological level, 
differentiates the average from those of gifted ability. 
During baseline there also was evident a Sex x Location 
difference in activation: Females exhibit a combination of 
left and right hemisphere activation, while males show 
increased LH activity at all four locations (see Figure 3). 
During chimeric face processing there was right 
temporal alpha suppression for the male mathematically 
gifted subjects indicating increased involvement of the RH. 
This finding is congruent with the existing literature 
which proposes a unique link between the RH, specifically 
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the temporal lobe, and the determination of facial affect 
(Beaumont, 1983; Levy et al., 1983). When compared to the 
large leftward/RH preference exhibited by these same 
subjects in choosing which of two chimeras is happier (-
.42), a composite pattern emerges that provides evidence at 
both the behavioral and electrophysiological level that 
enhanced RH activation is related to extreme mathematical 
precocity in males. These between-hemisphere results lend 
further support to the suggestions of Benbow (1986), 
O'Boyle and Benbow (1990) and O'Boyle et al. (1991) that 
enhanced RH involvement during cognitive processing is an 
important factor related to extreme levels of mathematical 
ability, but the current results suggest that this is true 
only for males. Additionally, the results obtained in this 
study are a direct replication of the average and gifted 
ability male subjects in 0'Boyle et al. (1991). In the 
present study, female gifted subjects did not show any 
significant lateralization to one hemisphere or the other 
during chimeric face processing. Therefore, results also 
lend support to existing notions of lateralization of 
activity for males and bilateral activation in females (cf. 
Geshwind & Galaburda, 1987; O'Boyle & Hellige 1989; Kimura 
and Hampson, 1990). 
53 
A unique finding of the present study is the bilateral 
activation of frontal and temporal regions for both average 
ability and gifted female subjects during chimeric face 
processing. The differing pattern for gifted males and 
females raises a question that may be asked in two ways: 
(1) what mediates precocity among gifted females or (2) why 
is mathematical precocity in males mediated by enhanced RH 
functioning. As suggested by O'Boyle et al., it may be 
that average ability subjects and gifted females process 
the chimeric faces analytically, perhaps a single facial 
feature at a time (primarily, a LH operating mode), while 
gifted males rely on a holistic form of analysis mediated 
by the RH, in which all features are processed 
simultaneously (Bradshaw & Nettleton, 1983). At the 
speculative level, this suggests that the gifted females 
may possess an enhanced ability to process information 
analytically, whereas gifted males adopt a unique 
simultaneous processing method. 
Although it appears that enhanced RH activation in 
males does indeed relate to mathematical precocity, the 
origins of this correlate are unknown. It may be that the 
pattern is biologically mediated, where gifted males have 
an innate superiority in accessing, implementing and 
coordinating the cortical resources of the RH. The 
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successful orchestration and subsequent utilization of 
different areas of the cortex might manifest itself as 
precocious mathematical ability (O'Boyle et al., 1991). 
Another biological possibility is this interaction may be 
due to global lateralization effects of prenatal 
testosterone exposure occurring more often in males as 
compared to females (Geshwind & Behan, 1982). 
An alternative explanation that should be considered 
is that at an early age, gifted individuals have learned 
through enriched learning environments to harness 
alternative cortical resources for specific tasks. Where 
such an explanation is possible, if an environmental source 
is preferred, there is still the question of why it is that 
only the gifted males show this enhanced RH activation. 
Corballis (1991) indicates that the sex difference 
might well follow from the different environmental inputs 
to which girls and boys are exposed in childhood. During 
the period of right-hemisphere growth in later childhood, 
boys may be given more freedom and encouragement to indulge 
in outdoor spatial pursuits, while girls are more likely to 
be cloistered and to engage in more verbal pursuits. 
Corballis (1991) even suggests that in order to supplement 
the LH verbal skills developed earlier by both sexes, boys 
are more likely to develop RH spatial skills, while girls 
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are more likely to develop RH verbal skills (cf. Gordon, 
1983) . Thus, Corballis (1991) indicates that 
lateralization differences exhibited between the sexes may 
be a function of experience. 
With regard to the behavioral data, it should be noted 
that contrary to Levy et al.'s (1983) claim that the 
tendency to chose leftside smile/right side neutral 
chimeras reflects RH activation, there was no significant 
correlation between the behavioral measure and the brain 
activation patterns. Although all four groups in the 
present study exhibited a leftside smile/rightside neutral 
chimera preference, the only group to show marked RH 
activation at the electrophysiological level was the gifted 
male group. This may be related to the notion that gifted 
males are maturationally more advanced than the other 
groups. An investigation of adult electrophysiological 
patterns of brain activation in relation to the chimeric 
face task should address the possibility of the male gifted 
group being advanced in brain developmental. 
One pattern reported in the O'Boyle et al. (1991) 
paper is that a switch from LH to RH activation, relative 
to baseline, occurs when the chimeric face task is required 
of the gifted male subject. This cognitive switching 
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occurs again in the present study with male gifted subjects 
switching from a LH activation to RH activation during the 
chimeric face task. Gifted female subjects do not show any 
shift to a specific hemispheric location during processing. 
For the chimeric face task average ability males show an 
additional LH shift above the previous baseline LH activity 
(see Figure 9), but as one can see in Figure 9, average 
ability females show little lateralized change from 
baseline. The average ability females do, however, show 
activation bilaterally during chimeric face processing, 
primarily at the frontal locations (see Figures 11 & 12). 
There are three factors related to the chimeric face 
task that may be relevant to the cognitive shifting 
exhibited by gifted male subjects. First, the pattern 
could be the result of a generalized RH specialization for 
visuo-spatial processing. Should this be the case, one 
would expect to obtain similar results using any type of 
stimuli requiring some sophisticated level of visuo-spatial 
analysis. Stimuli such as geometric shapes or embedded 
words and figures should produce similar results in 
hemispheric activation, i.e., increased RH involvement in 
the gifted male group. 
Second, the RH might be specialized for facial 
processing. Initially it was thought that damage to the RH 
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caused an inability to recognize faces. It has been shown, 
however, that bilateral lesions in the inferior medial 
surface of the occipital and temporal lobes are related to 
prosopagnosia (Alexander & Albert, 1983), the inability to 
recognize familiar faces. An individual with prosopagnosia 
is capable of distinguishing features one at a time; 
however, recognition of all features together in a 
composite face is not possible. If the RH plays a major 
part in facial processing, the RH activation for gifted 
male subjects could be due to this localized specialization 
for face processing. 
Third, there may exist a RH specialization 
for affective processing (cf. Sakhiem & Gur 1978). It has 
been suggested that the RH is specialized for extracting 
the emotional valence of facial stimuli. Because the 
judgement required in the chimeric face task is one of 
affect (which of the two faces is happier), the predicted 
RH increase in activation may reflect specialized affective 
mediation by the RH. If the RH has this affective 
specialization, the judgement of emotional valence between 
pleasant and unpleasant concrete nouns (e.g., party and 
study) should produce similar activation patterns to the 
chimeric face task, which is currently underway assessing 
this expectation. 
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Given the possible RH specialization for visuo-
spatial, facial, and affective processing, the facial 
scanning task employed in this experiment should produce 
results reflecting a shift to RH activation. These three 
factors (visuo-spatial, facial and affect processing) may 
all play a composite role in the enhanced RH activity which 
was found for gifted males but not for the other three 
groups. 
Metacontrol of Hemispheric Functioning 
In general, both cerebral hemispheres seem to be 
involved in virtually every thing we do, consequently it is 
important to understand the factors that determine when it 
is more efficient for them to operate in an independent or 
collaborative manner (Hellige, in preparation). The neural 
mechanisms that play a part in determining the extent to 
which each hemisphere assumes control of processing and 
behavior have been referred to as metacontrol mechanisms. 
Metacontrol mechanisms are thought to operate during 
performance of tasks for which both hemispheres have 
competence, but process in functionally different ways. In 
essence, during bihemispheric stimulation, metacontrol 
mechanisms are proposed to lead the brain to utilize one 
hemisphere's preferred mode of processing over the mode of 
processing used by the other hemisphere. 
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It may be the case that in the present study, gifted 
subjects are utilizing a metacognitive strategy by which 
they access more appropriate or available cortical 
resources for the processing of the chimeric face task 
stimuli. The difference between gifted males and females 
may due to underlying variations as to which areas are more 
appropriate or available due to the sex of the subject, 
such that in females, the available/appropriate resources 
are bilateral and in males these resources are lateralized. 
One should remember, however, that regardless of 
the underlying mechanisms employed, both the gifted males 
and females used in the present study were equally capable 
in the area of mathematical reasoning as measured by the 
SAT. One might, therefore, suspect that the differences 
observed in cortical activation patterns are a result of 
other mediating factors, such as prenatal or present 
hormone levels, experience during development, or some 
combination of hormonal and experiential factors. 
Methodological Issues 
One issue of concern regards the laterality index 
utilized for the EEG data. When using a laterality index, 
the between hemisphere shifting of activity, in reference 
to baseline, can be represented. The laterality index, 
however, does not sufficiently represent activation and 
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inhibition of activity occurring at each location that may 
be responsible for the hemispheric shifts. If a shift in 
activation toward one hemisphere is indicated by the index, 
the mathematics underlying this effect can be of three 
varieties. The first possibility is the actual 
engagement of a hemispheric location, which would cause the 
index to suggest that activation was shifted to this 
cortical cite. A second possibility involves the 
disengagement of one hemisphere, which would drive the 
index to indicate a "shift" to the opposite hemisphere. 
The third possibility is that both activation in one 
hemispheric location and inhibition of activity at the 
opposing bilateral location cause the shift in index value. 
It should be noted though, that regardless of which 
possibility mediates the calculation of the index value, 
all are still a reflection of greater involvement of a 
specific hemispheric location compared to its counterpart. 
The lateralization index is useful in identifying 
between hemisphere activation patterns, but it does not 
provide individual location information which is important 
for within hemisphere comparisons. The present study 
utilized a percent reduction formula in order to assess the 
level of engagement and disengagement, relative to 
baseline, at each individual location within a given 
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hemisphere. The results revealed within-hemisphere 
activational differences for sex and ability. These effects 
were localized primarily to the left hemisphere in which a 
Sex X Location x Ability three way interaction was 
revealed. Examination of the within hemisphere percent 
reduction values shows average and gifted females having 
greater engagement in the frontal areas of both hemispheres 
during chimeric face processing. Average ability males show 
an engagement of the left temporal area and gifted males 
exhibit inhibition of the left temporal area activity 
during face processing. Within the RH, all groups show 
activation of the frontal location and inhibition of 
activity at the occipital location. Both gifted males and 
females exhibit activation at the temporal location. 
The within-hemisphere results of this study lend 
support to the work of Kimura and Hampson (1990), in which 
differences in performance of spatial activities between 
male and female subjects were reported. Specifically, 
Kimura and Hampson (1990) found that accuracy scores during 
spatial tasks (e.g., rotation tasks) were impaired with 
anterior RH lesions (frontal-temporal) affecting females 
and posterior RH lesions (temporal-parietal) having a major 
effect on males. The between-hemisphere Sex x Location 
interactions were found for both baseline and the task 
62 
condition. Kimura and Hampson (1990) propose that the 
anterior/posterior sex difference may be due to either 
prenatal or postnatal hormonal influences. A large body of 
research exists in which it has been identified that 
androgens are critical for the development of spatial 
functions (cf. Kimura 1992). With regard to their findings 
of anterior/posterior sex differences, the present study 
also shows distinct anterior posterior activation patterns. 
Average females exhibit the largest amount of activation at 
both the left and right frontal locations. For average 
males their largest activation occurs at the left temporal 
location. 
Hormonal influences may also play a significant role 
with regard to sex differences in the mathematically 
precocious. It should be noted, however, both males and 
females for the gifted group were selected on the basis of 
similarly high SAT-Math scores. Thus, if one subscribes to 
the Geshwind and Behan (1982) hypothesis of prenatal 
testosterone exposure, it could be the case that all of the 
mathematically gifted subjects, male and female alike, were 
exposed to similarly high amounts of prenatal androgens, 
like testosterone, which may have influenced brain 
development and lateralization, thereby allowing for the 
similar scoring capability on the SAT-Math. If male and 
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female gifted subjects received the same testosterone 
exposure prenatally, not only should there be no difference 
during the baseline condition, but the chimeric face task 
also should have produced no Sex x Ability interaction for 
the gifted groups. Because a Sex x Ability interaction was 
present during the chimeric face task, there is the 
possibility that prenatal testosterone exposure may affect 
males more than females. This would make intuitive sense, 
since males typically secrete more testosterone prenatally 
than do females. 
Continued research should clarify our understanding of 
enhanced RH activity in relation to intellectual 
functioning. Investigation of developmental factors and the 
processing of verbal, mathematical and tactile information, 
all in relation to gender, are underway in an effort 
isolate other hemispheric aspects of intellectual ability. 
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APPENDIX A: ANOVA AND MEANS FOR BASELINE EEG DATA 
Analysis of Variance Report 
Source DF Sun i-Squares Mean Square F-Ratio Prob>F 
A (ABILITY ) 1 . 19 19.53 37.95 0.001 
B (SEX ) 1 . 41 .41 0.80 0.371 
AB 1 , 43 .43 0.85 0.356 
C (LOCATION) 3 11. 71 3.90 7.59 0.000 
AC 3 3. 99 1.33 2.59 0.054 
BC 3 5. 81 1.93 3.77 0.012 
ABC 3 1. 53 .51 0.99 0.397 
ERROR 160 82. 35 .51 
TOTAL(Adj) 175 125. 57 
Means & Effects 
Term Count Mean Std.Error Effect 
ALL 176 -1.05 .87 
A: ABILITY 
1 92 -4.22 .74 3.35 
2 84 2.42 .78 -3.35 
B: SEX 
1 84 -1.22 7.82 .48 
2 92 -.89 .74 -.48 
C: LOCATION 
1 44 -5.45 1.08 4.40 
2 44 1.17 1.08 -2.24 
3 44 -.39 1.08 -.79 
4 44 .47 1.08 -1.36 
AB: ABILITY, SEX 
1,1 40 -4.21 1.13 -.50 
1,2 52 -4.24 .99 .50 
2,1 44 1.48 1.08 .50 
2,2 40 3.46 1.13 —. 50 
AC: ABILITY, LOCATION 
1,1 23 -8.03 1.49 -.85 
1,2 23 -3.82 1.49 2.05 
1,3 23 -4.27 1.49 .72 
1,4 23 -.78 1.49 -1.92 
2,1 21 -2.63 1.56 .85 
2,2 21 6.64 1.56 -2.05 
2,3 21 3.84 1.56 -.72 
2,4 21 1.84 1.56 1.92 
73 
BC: SEX, LOCATION 
1,1 21 -2.54 1.56 
1,2 21 —. 60 1.56 
1,3 21 -1.07 1.56 
1,4 21 -.69 1.56 
2,1 23 -8.12 1.49 
2,2 23 2.79 1.49 
2,3 23 .22 1.49 
2,4 23 1.54 1.49 
ABC; ABILITY, SEX,LOCATION 
1,1,1 10 -5.76 2.26 
1,1,2 10 -5.63 2.26 
1,1,3 10 -3.29 2,26 
1,1,4 10 -2.15 2.26 
1,2,1 13 -9.78 1.98 
1,2,2 13 -2.43 1.98 
1,2,3 13 -5.02 1.98 
1,2,4 13 .27 1.98 
2,1,1 11 .39 2.16 
2,1,2 11 3.96 2.16 
2,1,3 11 .94 2.16 
2,1,4 11 . 62 2.16 
2,2,1 10 -5.96 2.26 
2,2,2 10 9.58 2.26 
2,2,3 10 7.04 2.26 
2,2,4 10 3.19 2.26 
-3.08 
1.71 
.60 
.75 
3.08 
-1.71 
—. 60 
-.75 
1.08 
-.10 
-1.45 
.46 
-1.08 
.10 
1.45 
- .46 
-1.08 
.10 
1.45 
-.46 
1.08 
-.10 
-1.45 
.46 
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APPENDIX B: ANOVA AND MEANS FOR CHIMERIC FACE EEC DATA 
Analysis of Variance Report 
Source DP Sum-Squares Mean I Square F-Ratio Prob>F 
A (ABILITY ) 1 4.68 4. 68 15.51 0.000 
B (SEX ) 1 .06 . 06 .20 0.651 
AB 1 1.98 1. 98 6.56 0.011 
C (LOCATION) 3 . 68 . 22 .76 0.519 
AC 3 .55 . 18 .61 0.610 
BC 3 3.50 1. 16 3.87 0.010 
ABC 3 3.32 1. 10 3.66 0.013 
ERROR 160 48.38 . 30 
TOTAL(Adj) 175 62.73 
Means & Effects 
Term Count Mean Std.Error Effect 
ALL 176 -.39 .36 
A: ABILITY 
1 92 1.11 .01 -1.64 
2 84 -2.04 .59 1.64 
B: SEX 
1 84 -.30 .59 -.18 
2 92 -.47 .00 .18 
C: LOCATION 
1 44 .12 .82 —. 60 
2 44 -.14 .82 -.32 
3 44 -.17 .82 -.11 
4 44 -1.37 .82 1.04 
AB: ABILITY, SEX 
1,1 40 2.53 .86 -1.06 
1,2 52 .02 .76 1.06 
2,1 44 -2.88 .82 1.06 
2,2 40 -1.12 .86 -1.06 
AC; ABILITY, LOCATION 
1,1 23 .98 .01 .66 
1,2 23 2.18 .01 -.84 
1,3 23 1.57 .01 -.12 
1,4 23 -.28 .01 .30 
2,1 21 -.80 1.19 —. 66 
2,2 21 -2.69 1.19 .84 
2,3 21 -2.09 1.19 .12 
2,4 21 -2.57 1.19 -.31 
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BC: SEX, LOCATION 
1/1 21 .25 1.19 .05 
1,2 21 -1.04 1.19 .94 
1/3 21 -1.49 1.19 1.32 
1/4 21 1.09 1.19 -2.32 
2,1 23 .01 .01 -.05 
2,2 23 . 68 .01 -.94 
2,3 23 1.03 .01 -1.32 
2,4 23 -3.62 .01 2.32 
ABC: ABILITY, SEX,LOCATION 
1/1/1 10 3.09 1.73 — .66 
1,1,2 10 4.52 1.73 -1.75 
1/1/3 10 1.00 1.73 .44 
1/1/4 10 1.53 1.73 1.97 
1,2,1 13 —. 63 1.52 . 66 
1/2,2 13 3.90 1.52 1.75 
1,2,3 13 2.02 1.52 -.44 
1,2,4 13 -1.67 1.52 -1.97 
2/1,1 11 -2.33 .01 .66 
2,1,2 11 -6.11 .01 1.75 
2,1,3 11 -3.76 .01 -.44 
2,1,4 11 . 68 .01 -1.97 
2,2,1 10 .86 1.73 —. 66 
2,2,2 10 1.05 1.73 -1.75 
2,2,3 10 -.25 1.73 .44 
2/2,4 10 -6.16 1.73 1.97 
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APPENDIX C: ANOVA AND MEANS FOR PERCENT ALPHA REDUCTIONS 
FOR THE LEFT HEMISPHERE 
Analysis of Variance Report 
Source DF Sum-Squares Mean Square F-Ratio Prob>F 
Error Term 
A (ABILITY ) 1 5.60 5.60 5.54 0.019 
B (SEX ) 1 3.12 3.13 3.10 0.080 
AB 1 6.44 6.44 6.38 0.012 
C (LOCATION) 3 8.11 2.70 2.68 0.049 
AC 3 1.36 .45 0.45 0.717 
BC 3 3.06 1.02 1.01 0.389 
ABC 3 9.94 3.31 3.28 0.022 
ERROR 160 161.64 1.01 
TOTAL(Adj) 175 198.55 
Means & Effects for Y 
Term Count Mean Std.Error Effect 
ALL 176 .45 .61 
A: ABILITY 
1 92 1.98 1.04 1.79 
2 84 -1.20 1.09 -1.79 
B; SEX 
1 84 1.77 1.09 1.34 
2 92 -.74 1.04 -1.34 
C: LOCATION 
1 44 -2.70 1.51 -3.15 
2 44 .12 1.51 —. 13 
3 44 3.46 1.51 2.92 
4 44 .95 1.51 .35 
AB: ABILITY, SEX 
1,1 40 5.67 1.58 1.92 
1,2 52 — .86 .01 -1.92 
2,1 44 -1.76 1.51 -1.92 
2,2 40 -.59 1.58 1.92 
AC: ABILITY, LOCATION 
1,1 23 -9.03 2.09 .33 
1,2 23 2.86 2.09 1.26 
1,3 23 4.06 2.09 -1.05 
1,4 23 1.89 2.09 -.55 
2,1 21 -4.68 2.19 — .33 
2,2 21 -2.87 2.19 -1.26 
2,3 21 2.80 2.19 1.05 
2,4 21 -.08 2.19 .55 
BC; SEX,LOCATION 
1,1 21 -.94 2.19 .45 
1,2 21 -.41 2.19 -.01 
1,3 21 4.34 2.19 — .46 
1,4 21 4.11 2.19 1.82 
2,1 23 -4.31 2.09 —. 45 
2,2 23 .61 2.09 1.81 
2,3 23 2.65 2.09 .46 
2,4 23 -1.93 2.09 -1.82 
ABC: ABILITY, SEX,LOCATION 
1,1,1 10 3.37 .03 .06 
1,1,2 10 8.77 .03 .03 
1,1,3 10 5.94 .03 -1.14 
1,1,4 10 4.60 .03 -.02 
1,2,1 13 -4.19 .02 —. 06 
1,2,2 13 -1.68 .02 -.03 
1,2,3 13 2.61 .02 1.14 
1,2,4 13 -.18 .02 .02 
2,1,1 11 -4.86 3.03 -.06 
2,1,2 11 -8.76 3.03 -.03 
2,1,3 11 2.89 3.03 1.14 
2,1,4 11 3.66 3.03 .02 
2,2,1 10 -4.47 .03 .06 
2,2,2 10 3.59 .03 .03 
2,2,3 10 2.69 .03 -1.14 
2,2,4 10 -4.21 .03 —. 02 
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APPENDIX D: ANOVA AND MEANS FOR PERCENT ALPHA REDUCTIONS 
FOR THE RIGHT HEMISPHERE 
Analysis of Variance Report 
Source DF Sum-•Squares Mean Square F-Ratio Prob>F 
Error Term 
A (ABILITY ) 1 4. 77 4.77 3.28 0.072 
B (SEX ) 1 1. 60 1.60 1.10 0.295 
AB 1 24 .24 0.17 0.681 
C (LOCATION) 3 17. 46 5.82 4.00 0.008 
AC 3 2. 36 .78 0.54 0.654 
BC 3 6. 13 2.04 1.40 0.243 
ABC 3 1. 57 5.24 0.36 0.782 
ERROR 160 232. 98 1.45 
TOTAL(Adj) 175 266. 94 
Means & Effects for • Y 
Term Count Mean Std.Error Effect 
ALL 176 1.37 1.45 
A: ABILITY 
1 92 -.27 1.25 -1.65 
2 84 3.17 1.31 1.65 
B: SEX 
1 84 2.51 1.31 .96 
2 92 .32 1.25 -.96 
C: LOCATION 
1 44 -3.20 1.81 -4.73 
2 44 .33 1.81 -1.00 
3 44 4.46 1.81 .03 
4 44 3.89 1.81 2.51 
AB: ABILITY, SEX 
1,1 40 .38 1.90 -.37 
1,2 52 -.01 1.67 .37 
2,1 44 4.44 1.81 .37 
2,2 40 1.77 1.90 -.01 
AC: ABILITY, LOCATION 
1,1 23 -3.16 2.51 1.76 
1,2 23 -1.67 2.51 -.37 
1,3 23 1.22 2.51 -1.47 
1,4 23 2.51 2.51 .08 
2,1 21 -3.25 2.63 -1.76 
2,2 21 2.53 2.63 .37 
2,3 21 8.01 2.63 1.47 
2,4 21 5.40 2.63 -.08 
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BC; SEX,LOCATION 
1,1 21 -1.80 2.63 .44 
1,2 21 1.48 2.63 -.03 
1,3 21 8.25 2.63 2.42 
1,4 21 2.12 2.63 -2.83 
2,1 23 -4.48 2.51 -.44 
2,2 23 -7.17 2.51 .03 
2,3 23 1.00 2.51 -2.42 
2,4 23 5.50 2.51 2.83 
ABC: ABILITY, SEX,LOCATION 
1,1,1 10 -3.23 3.81 -1.09 
1,1,2 10 -.79 3.81 .22 
1,1,3 10 3.97 3.81 -.56 
1,1,4 10 1.58 3.81 1.43 
1,2,1 13 -3.10 3.34 1.09 
1,2,2 13 -2.35 3.34 — .22 
1,2,3 13 -.89 3.34 .56 
1,2,4 13 3.22 3.34 -1.43 
2,1,1 11 -5.12 3.63 1.09 
2,1,2 11 3.56 3.63 -.22 
2,1,3 11 .12 3.63 .56 
2,1,4 11 2.61 3.63 -1.43 
2,2,1 10 -6.26 3.81 -1.09 
2,2,2 10 .01 3.81 .22 
2,2,3 10 3.48 3.81 -.56 
2,2,4 10 8.47 3.81 1.43 
